Dietary energy represents a significant cost in poultry diets. In combination with uncertainty in the commodity market due to agronomic conditions and fluctuations in supply and demand, the cost for energy-providing ingredients remains volatile. Since 2006, prices for energy-providing ingredients have increased dramatically. A proportion of the corn supply has been diverted for ethanol production, whereas oil supplies have been diverted away from animal agriculture to satisfy production demands for biodiesel (Donohue and Cunningham, 2009) . Because dietary energy influences the cost of feed production, efforts to identify strategies to enhance energy utilization of cereal grains and oilseed meals are essential. Optimizing energy utilization of primary ingredients such as corn and soybean meal (SBM) will allow nutritionists to formulate diets with lower inclusions of supplemental fat.
INTRODUCTION
Lower AME n values for SBM may be attributed to its carbohydrate fraction, which is primarily composed of cellulose, nonstarch polysaccharides, and galactooligosaccharides (GAL) (Choct et al., 2010) . Besides sucrose, the carbohydrate fraction of SBM is poorly used by poultry due to a lack of endogenous galactosidase and low fermentative capacity of the gastrointestinal tract (Gitzelmann and Auricchio, 1965; Carré et al., 1995) . Galactooligosaccharides (raffinose, stachyose, and verbascose) constitute between 5 and 7% of SBM on a DM basis (Bach Knudsen, 1997; Grieshop et al., 2003) and are poorly digested because monogastric animals do not produce endogenous α-1,6 galactosidase necessary for GAL hydrolysis into its constituent monosaccharides (Gitzelmann and Auricchio, 1965; Cristofaro et al., 1974) . Galactooligosaccharides will be a reference for raffinose and stachyose for the remainder of the paper because only trace concentrations of verbascose have been reported in SBM (Honig and Rackis, 1979) . Several strategies have been implemented to reduce the concentration of raffinose and stachyose of SBM to enhance dietary energy utilization with poultry (Coon et al., 1990; Parsons et al., 2000; Ghazi et al., 2003) .
Novel soybean varieties have been genetically selected for reduced raffinose and stachyose content, which may lead to increased AME n and higher concentrations of digestible amino acids (AA) for broilers fed such meals (Parsons et al., 2000; Baker et al., 2011; Perryman and Dozier, 2012) . Baker et al. (2011) reported higher true digestible AA concentrations for a low GAL SBM vs. a control SBM (CSBM), but did not observe differences in TME n or growth performance in broilers from 8 to 22 d of age. Perryman and Dozier (2012) reported a 7 to 9% increase in AME n for low oligosaccharide SBM (LOSBM) vs. CSBM and observed 8.0 and 17% greater apparent ileal AA digestibility concentrations for Met, Lys, Thr, Val, and Ile for LOSBM and ultra-low oligosaccharide SBM (ULSBM), respectively, compared with CSBM.
To our knowledge, growth and meat yield responses of broilers fed diets formulated with LOSBM or ULSBM have not been reported on in the literature. Therefore, the objective of this research was to evaluate growth and meat yield responses of broilers fed diets formulated with LOSBM, ULSBM, or CSBM during a 6-wk production period. In experiment 2, diets were also formulated to contain either moderate or reduced AME n concentrations. Feeding broilers a reduced AME n diet may accentuate growth and meat yield responses with diets containing LOSBM and ULSBM compared with CSBM.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee at Auburn University approved all experimental protocols involving live birds (PRN 2009 (PRN -1668 .
SBM
In experiment 1, two SBM (CSBM and LOSBM) were produced from soybeans grown in the 2009 crop year. In experiment 2, CSBM, LOSBM, and ULSBM produced from soybeans grown during the 2010 crop year were evaluated. Soybeans were obtained from Schillinger Genetics (Schillinger Genetics, West Des Moines, IA) and processed at Zeeland Farm Services' processing plant (Zeeland Farm Services, Zeeland, MI) . Low oligosaccharide SBM and ULSBM were processed from nongenetically modified soybeans. Nutrient composition of SBM has been reported to be influenced by production location, fertilization rate, and precipitation (Grieshop et al., 2003; Karr-Lilienthal et al., 2005) . To avoid agronomic differences, soybeans were grown in the same geographic location in northeast Indiana. The resulting soybeans were processed at the same facility, utilizing identical procedures to avoid processing differences.
The 5 SBM types were analyzed for CP by determining nitrogen content via the Dumas method (method 990.03; AOAC International, 2006) using a N analyzer (Rapid N Cube, Elementar Analysensyteme GmbH, Hanau, Germany), and CP was calculated by multiplying percent N by a factor of 6.25 (Table 1) . Sucrose, raffinose, and stachyose were determined (Bhatti et al., 1970) Baker and Herrman (2002) . Bulk density was determined using a standard weight per bushel tester (USDA, 1953) .
Dietary Treatments
In each experiment, broilers were fed diets using a 3-phase feeding program: starter (1 to 14 d of age), grower (15 to 28 d of age), and finisher (29 to 40 or 42 d of age for experiments 1 and 2, respectively) feeding phases. Starter diets were provided as crumbles, and subsequent feeds were provided as whole pellets. All diets were formulated to meet or exceed NRC (1994) nutrient recommendations and were formulated utilizing AME n and apparent ileal AA digestibility concen-trations for CSBM, LOSBM, and ULSBM determined from previous research (Perryman and Dozier, 2012 ; Table 2 ).
In experiment 1, broilers were fed 1 of 2 dietary treatments formulated to contain either LOSBM or CSBM (Table 3) . In experiment 2, six dietary treatments were implemented utilizing a 3 × 2 factorial design consisting of 3 types of SBM (CSBM, LOSBM, or ULSBM) and 2 AME n concentrations (moderate or reduced; Tables 4, 5, and 6). Diets with moderate AME n were formulated to contain 3,025, 3,115, and 3,160 kcal of AME n /kg in the starter, grower, and finisher phases, respectively. Diets with reduced AME n were formulated to contain a 25 kcal/kg reduction in AME n compared with the moderate AME n diets.
Common Procedures
Ross × Ross 708 male broiler chicks (experiment 1 = 600; experiment 2 = 1,500) were obtained from a commercial hatchery at 1 d of age and distributed randomly to 24 (experiment 1) or 60 (experiment 2) floor pens (0.09 m 2 /bird; 25 birds per pen). At the hatchery, chicks received vaccinations for Marek's disease, Newcastle disease, and infectious bronchitis. The experimental facility was solid-sided with a negative- Actual average ambient temperatures during experimentation were 26.2°C ± 1.9 SD for experiment 1 and 24.9°C ± 2.3 SD for experiment 2. The lighting schedule followed the primary breeder recommendation with a 23L:1D photoperiod at a light intensity of 30 lx, which was implemented from placement to 7 d of age; then, a 20L:4D photoperiod with an intensity of 3 lx was used until 40 or 42 d of age. Light intensity was verified at bird level using a photometric sensor (LI-250A Light Meter, LI-COR Bioscience, Lincoln, NE) with National Institute of Standards and Technology traceable calibration for each intensity adjustment. Each pen had fresh pine shavings, a hanging feeder, and a nipple drinker line, and birds were offered feed and water ad libitum. Birds and feed were weighed on a per pen basis at 1, 14, 28, and 40 or 42 d of age for the determination of growth rate, feed intake, and feed conversion ratio (FCR; ratio of feed intake to BW gain). Mortality was recorded daily.
At 37 d of age, 3 birds per pen were randomly selected for blood collection. Blood was collected via the ulnar vein using a 10-mL nonheparinized syringe equipped with an 18-gauge needle. An 8-mL sample of blood per bird was obtained for the determination of plasma glucose, triglyceride, and nonesterified fatty acid concentrations. Samples were centrifuged using a Sorvall Legend 23R centrifuge (ThermoFisher Scientific Inc., Waltham, MA) at 2,000 × g for 5 min and 1.5 mL of plasma was obtained and stored at −20°C for later analysis. Plasma glucose (Kunst et al., 1984) and triglyceride (Wahlefeld and Bergmeyer, 1974) concentrations were determined using a Cobas C 311 analyzer (Roche Diagnostics, Indianapolis, IN). Plasma nonesterified fatty acid concentrations were determined using the method described by Tripathy et al. (2003) . Concentrations of plasma nonesterified fatty acids were measured using a universal microplate spectrophotometer (Bio-Tek Instrument Inc., Winooski, VT) with reagent assay test kits (Wako Diagnostics, Richmond, VA) according to the manufacturer's instructions. Five microliters of sample, standard, or blank was added to the appropriate wells and analyzed using enzymatic procedures described by Hintz (2000) . All samples were evaluated in triplicate during the same assay to avoid interassay variability. The amount of nonesterified fatty acid in the sample was determined using standard curves from the optical density measured at 550 nm. At 40 (experiment 1) and 42 d of age (experiment 2), 14 birds per pen were individually weighed and selected for processing based on having a BW within ±15% of the mean pen weight. In addition to BW determination, all birds were evaluated for pododermatitis (PD) by trained personnel assigning a score of 0, 1, or 2 based on the severity of footpad lesions via the method described by Nagaraj et al. (2007) . Feed was removed 12 h before processing, after which preselected birds were placed in coops and transported to the Auburn University Processing Plant. Broilers were electrically stunned, exsanguinated, scalded, mechanically picked, mechanically eviscerated, and then placed on ice. Whole carcass (without abdominal fat) and abdominal fat were weighed, and carcasses were split into front and back halves and then placed on ice for 18 h. The front halves were then deboned to obtain total breast weights, which were composed of the pectoralis major and minor muscles. Carcass, abdominal fat percentage, and total breast meat yields were determined from individual BW of broilers selected for processing at 40 (experiment 1) and 42 d of age (experiment 2).
At 41 (experiment 1) or 43 d of age (experiment 2), 3 birds per pen were euthanized via CO 2 asphyxiation to collect foregut (proximal duodenum to Meckel's diverticulum) and hindgut (Meckel's diverticulum to ileocecocolic junction) segments of the intestine to determine digesta pH and viscosity. Galactooligosaccharides elicit osmotic pressure, which has been reported to increase digesta transit time due to excess water in the lumen (Irish and Balnave, 1993; Leske et al., 1993) . Furthermore, GAL can be metabolized into volatile fatty acids by intestinal microflora, lowering the pH of the lumen. Digesta were gently expressed from each segment into a 50-mL tube, and pH values were recorded before the samples were placed on ice and transferred to a −20°C freezer until later analysis. For viscosity determination, samples were centrifuged at 1,500 × g for 5 min at Table 4 . Ingredient and calculated composition of diets formulated with moderate or reduced AME n concentrations and either control soybean meal (CSBM), low-oligosaccharide soybean meal (LOSBM), or ultra-low oligosaccharide soybean meal (ULSBM) fed to Ross × Ross 708 male broilers from 1 to 14 d of age (experiment 2) 21°C, and the supernatant was transferred to 15-mL tubes for further analysis. Samples were centrifuged at 12,500 × g for 5 min at 21°C and 8 mL of supernatant was collected and stored at −20°C until later analysis. Viscosities were measured in centipoises (cP) using a Brookfield DV-E viscometer (Brookfield Engineering Laboratories Inc., Middleboro, MA) following the manufacturer's recommended procedure and standardized using a liquid silicon standard provided by the company. Briefly, an 8-mL sample was heated to 40°C and placed in the viscometer. Using the S18 spindle and a rotational speed of 12 rpm, the spindle was submerged completely in sample using the sample guard as a guide. The viscometer was activated, and a viscosity (cP) value was recorded after 10 s.
Statistical Analyses
Data were analyzed using a randomized complete block design with pen location as the blocking factor. Experiment 1 was represented by 12 replicate pens per treatment. An ANOVA was performed using PROC MIXED (SAS Institute, 2004) by the following mixedeffects model:
where μ.. is the overall mean; the ρ i are identically and independently normally distributed random block effects with mean 0 and variance σ 2 ρ ; the τ j are fixed factor level effects corresponding to the jth soybean variety (CSBM or LOSBM) such that Στ j = 0; and the random error ε ij are identically and independently normally distributed with mean 0 and variance σ 2 .
Experiment 2 was designed as a 3 × 2 factorial with 3 SBM types (CSBM, LOSBM, or ULSBM) and 2 AME n concentrations (moderate or reduced), and each treatment was represented by 10 replicate pens. Interaction and main effects were evaluated using PROC MIXED (SAS Institute, 2004) by the following mixed-effects model:
Y ijk = μ... + ρ i + α j + β k + (αβ) jk + ε ijk , Table 5 . Ingredient and calculated composition of diets formulated with moderate or reduced AME n concentrations and either control soybean meal (CSBM), low-oligosaccharide soybean meal (LOSBM), or ultra-low oligosaccharide soybean meal (ULSBM) fed to Ross × Ross 708 male broilers from 15 to 28 d of age (experiment 2) where μ... is the overall mean; the ρ i are identically and independently normally distributed random block effects with mean 0 and variance σ 2 ρ ; the α j are fixed factor level effects corresponding to the jth soybean variety (CSBM, LOSBM, or ULSBM) such that Σα j = 0; the β k are fixed factor level effects corresponding to the kth AME n concentration (moderate or reduced) such that Σβ k = 0; the (αβ) jk are interaction level effects corresponding to either the jth soybean and the kth AME n concentration such that Σ j (αβ) jk = 0 and Σ k (αβ) jk = 0; and the random error ε ijk are identically and independently normally distributed with mean 0 and variance σ 2 . Statistical significance was established at P ≤ 0.05, and significantly different treatment means were separated using Tukey's honestly significant difference test (Tukey, 1953) .
RESULTS AND DISCUSSION

Physical and Chemical Characteristics
Soybean meal genetically selected for low concentrations of GAL contained altered sugar, fiber, and CP composition compared with commodity SBM (Baker and Stein, 2009; Baker et al., 2011) . Quantifying changes in chemical composition of trait-enhanced SBM is valuable when interpreting growth responses and carcass characteristic differences. Both LOSBM and ULS-BM exhibited altered chemical and physical composition compared with CSBM (Table 1 ). The resulting chemical and physical characteristics are presented as numerical differences because statistical analysis could not be applied due to a lack of replicate lots. Eight subsamples from the SBM lot provided were collected and mixed, with the concentration of each nutrient determined in quadruplicate. In experiment 1, LOSBM had less stachyose (−77%), raffinose (−70%), ADF (−36%), NDF (−43%), and cellulose (−32%), and more CP (+15%), sucrose (+21%), and starch (+39%) compared with CSBM. Particle size was determined to be 1,300 and 1,166 μm mean diameter for CSBM and LOSBM, respectively, and bulk density was greater (+23%) for LOSBM vs. CSBM.
In experiment 2, both LOSBM and ULSBM had lower concentrations of stachyose (−72 and −90%) and raffinose (−74 and −91%), and higher sucrose (+17 Table 6 . Ingredient and calculated composition of diets formulated with moderate or reduced AME n concentrations and either control soybean meal (CSBM), low-oligosaccharide soybean meal (LOSBM), or ultra-low oligosaccharide soybean meal (ULSBM) fed to Ross × Ross 708 male broilers from 29 to 42 d of age (experiment 2) 
Growth Performance, Physiological Variables, and PD
In experiment 1, broilers consuming diets formulated with LOSBM had increased (P = 0.020) BW gain and decreased (P < 0.001) FCR compared with broilers fed diets formulated with CSBM from 1 to 14 d of age (Table 7). Feed intake and mortality were without change between broilers consuming either CSBM-and LOS-BM-based diets from 1 to 14 d of age. Additionally, BW gain, feed intake, FCR, and mortality were not different between broilers fed diets formulated with CSBM and LOSBM from 1 to 28 and 1 to 40 d of age. No differences were observed between broilers consuming diets formulated with CSBM or LOSBM for the physiological variables measured (data not shown; grand means for foregut viscosity = 35.8 cP, hindgut viscosity = 39.8 cP, foregut pH = 5.95, hindgut pH = 5.33, NEFA = 451 mEq/L, plasma glucose = 220 mg/dL, and plasma triglycerides = 131 mg/dL).
In experiment 2, interaction effects were not significant between AME n concentration and SBM type. Thus, data are presented as main effects of SBM type and AME n concentration (Table 8) . Body weight gain, feed intake, and mortality were similar between broilers fed the 3 SBM types throughout the experimental period. Feed conversion was decreased (P < 0.001) for broilers fed diets containing ULSBM from 1 to 28 and 1 to 42 d of age compared with birds receiving CSBM-or LOSBM-based diets. Feeding broilers diets with moderate or reduced AME n concentration did not elicit differences in growth performance. Additionally, broilers consuming diets with either of the 3 SBM types and moderate or reduced AME n had similar viscosity, pH, and blood plasma profile (data not shown; grand means for foregut viscosity = 30.7 cP, hindgut viscosity = 37.2 cP, foregut pH = 5.91, hindgut pH = 5.33, NEFA = 279 mEq/L, plasma glucose = 253 mg/dL, and plasma triglycerides = 48 mg/dL).
In experiment 1, broilers fed diets formulated with LOSBM had higher BW gain and lower FCR than birds fed diets formulated with CSBM from 1 to 14 d of age. These advantages of growth performance with broilers fed diets formulated with LOSBM may be attributed to the inability of young broilers to metabolize the complex carbohydrates of SBM due to the immature gastrointestinal tract of the young chick (Carré et al., 1995) . Soybean meal genetically selected for low concentrations of GAL had reduced concentrations of ADF, NDF, and cellulose compared with CSBM. Increased amounts of complex carbohydrates in the diet have been reported to be detrimental to nutrient digestibility due to their possible antinutritive effect and the limited fermentative capacity of the poultry gastrointestinal tract (Choct and Annison, 1990) .
In contrast to experiment 1, a reduction in feed conversion was not observed among broilers fed either of the 3 SBM types from 1 to 14 d of age in experiment 2. In agreement, Baker et al. (2011) observed no differences in BW gain, feed intake, FCR, or mortality when comparing chicks fed diets formulated with low GAL SBM vs. a control SBM from 8 to 22 d of age. However, in the present research, FCR was reduced from 1 to 28 and 1 to 42 d of age for broilers consuming diets formulated with ULSBM compared with CSBM and LOSBM. The basis for this decrease in FCR is elusive. Higher concentrations of dietary AME n have been reported to decrease FCR in broilers compared with diets formulated with lower AME n concentrations (Hidalgo et al., 2004; Dozier et al., 2006 Dozier et al., , 2011 . Similarly, previous research has reported that broilers consuming diets with increased concentrations of AA have reduced FCR in modern genetic strains Dozier et al., 2006 Dozier et al., , 2007 Corzo et al., 2010) . Feeding broilers diets with reduced AME n density did not elicit any differences in BW gain, feed intake, FCR, or mortality compared with broilers that consumed diets formulated with moderate AME n concentrations (Table 8) . Similarly, Hidalgo et al. (2004) reported no differences in cumulative BW gain, feed intake, or FCR of broilers fed diets with weighted energy concentrations of 3,100 or 3,144 kcal of ME/kg from 1 to 38 d of age. However, broilers fed diets containing a weighted average of 3,233 kcal of ME/kg were 0.066 kg heavier than broilers consuming diets with a weighted average of 3,056 kcal of ME/kg from 1 to 38 d of age. Similarly, FCR was decreased by 6% (1.40 vs. 1.49 kg:kg) for broilers consuming diets formulated with 3,153 vs. 3,020 kcal of ME/kg from 18 to 30 d of age and decreased by 8% (2.07 vs. 2.24 kg:kg) for broilers consuming diets with 3,175 vs. 3,086 kcal of ME/ kg from 31 to 38 d of age. Poor growth was related to diets being formulated to a constant ME:CP ratio. Broilers did not compensate for the low ME concentration of the diet, so intake of essential AA was also lower for birds consuming diets formulated with low ME. In agreement, Saleh et al. (2004) reported no differences in BW gain, feed intake, or FCR for broilers consuming diets with weighted average energy concentrations of 3,101 or 3,140 kcal of ME/kg from 1 to 42 d of age. Broilers fed diets with a weighted energy concentration of 3,227 kcal of ME/kg grew faster than birds fed diets formulated with a weighted average ME concentration of 3,023 kcal of ME/kg from 1 to 42 d of age. Poor feed conversion in both studies was attributed to reduced BW gain with broilers fed diets with low energy concentrations. Broilers did not increase feed intake to Table 8 . Growth performance of Ross × Ross 708 male broilers fed control soybean meal (CSBM), low oligosaccharide soybean meal (LOSBM), or ultra-low oligosaccharide soybean meal (ULSBM) diets with moderate or reduced levels of AME n during a 42-d production period (experiment 2) 1,2 2 Apparent ME n concentrations reduced by 25 kcal/kg from moderate concentration (moderate: 3,025, 3,115, and 3,160 kcal of AME n /kg for starter, grower, and finisher, respectively).
3 FCR = feed conversion ratio was a ratio of feed intake to BW gain. 4 Mortality data were arcsin transformed before statistical analysis.
compensate for the low energy concentrations of the diets. Feed consumption was not different between broilers consuming diets varying in ME concentrations by less than 132 kcal of ME/kg during a 5-or 6-wk production period (Hidalgo et al., 2004; Saleh et al., 2004) . These data provide evidence that birds younger than 42 d of age may not adjust feed intake to compensate for differences in energy concentrations of the diet. These findings could explain the lack of growth responses observed in experiment 2 due to broilers consuming diets differing in AME n by only 25 kcal/kg. Broilers fed diets formulated with LOSBM or ULS-BM had a lower incidence (P = 0.002) of PD compared with broilers that consumed diets formulated with CSBM, which may have been due to decreased GAL concentrations of the LOSBM and ULSBM (Figure 1) . Bedford (1995) reported that GAL causes excreta to have hydroscopic properties resulting in increased litter moisture, and elevated litter moisture has been reported to influence incidences of PD (Martland 1984 (Martland , 1985 Mayne et al., 2007) . Additionally, reduced incidences of PD may be attributed to lower concentrations of SBM in diets formulated with LOSBM and ULSBM. Soybean meal is relatively high in K (1.98%) compared with corn (0.30%; NRC, 1994), so reducing the concentration of SBM in the diet could lead to lower concentrations of K in the diet. High dietary K concentrations have been implicated in causing an increase in water intake translating to elevated litter moisture (Eichner et al., 2007) . Although litter moisture was not measured in this experiment, diets formulated with LOSBM and ULSBM had on average 16% less SBM compared with diets formulated with CSBM. Therefore, diets formulated with LOSBM and ULSBM had less GAL and lower K concentrations due to less SBM formulated into the diet, which may have had a synergetic effect contributing to a reduction in PD.
Processing Characteristics
In experiment 1, broilers fed diets formulated with CSBM or LOSBM had similar weights and yields of the whole carcass and total breast meat (Table 9 ). Broilers consuming diets formulated with LOSBM had increased (P < 0.001) abdominal fat percentage compared with broilers consuming diets formulated with CSBM. In experiment 2, neither interaction effects nor main effects of AME n were observed for carcass yield, but carcass and breast yields were different among broilers consuming the 3 SBM types (Table 10) . Broilers fed diets formulated with ULSBM had greater (P < 0.05) carcass yield compared with birds consuming CSBMbased diets. Additionally, total breast meat yield was increased (P = 0.021) for broilers fed diets containing LOSBM and ULSBM vs. CSBM. Increased breast and carcass yields in broilers fed diets formulated with LOSBM or ULSBM may be attributed to better AA utilization of these diets compared with diets formulated with CSBM. Researchers have reported that increased concentrations of complex carbohydrates may negatively influence AA digestibility in poultry fed ryeand wheat-based diets (Antoniou et al., 1981; Choct and Annison, 1990) . Both LOSBM and ULSBM had less ADF, NDF, and cellulose compared with CSBM. Previous research has reported that higher concentrations of dietary AA resulted in increased deposition of lean tissue resulting in higher carcass and total breast weights in broilers (Bartov and Plavnik, 1998; Kidd et al., 2004; Corzo et al., 2005 Corzo et al., , 2010 Dozier et al., 2008b; Lilly et al., 2011) .
In agreement with experiment 1, broilers fed diets containing LOSBM had higher (P = 0.027) abdominal fat percentage compared with birds consuming CS-BM-based diets in experiment 2 (Table 10 ). Increased abdominal fat percentage could be attributed to the higher AME n of LOSBM compared with CSBM. Diets in both experiments were formulated to meet the recommended requirements for the first 5 limiting AA in poultry. Due to higher concentrations of less limiting AA in LOSBM compared with CSBM, excess AA may have been catabolized for energy, increasing AME n and translating to a higher abdominal fat percentage. Parsons et al. (2000) partially attributed the higher TME n of several low GAL SBM types to the higher concentrations of AA of these SBM types, which may have provided a source of energy via their carbon skeletons. Furthermore, ratios of AME n :CP were not kept constant between treatments, and the AME n :CP ratio was highest for diets formulated with LOSBM compared with CSBM-and ULSBM-based diets. Additionally, underestimating AME n of LOSBM would lead to experimental diets with higher AME n :CP ratios. Broilers fed diets with progressively higher AME n :CP ratio have been reported to have increased abdominal fat percentage with increasing energy concentrations (Bartov et al., 1974) . In experiment 2, broilers fed diets with varying AME n concentrations had similar carcass characteristics (Table 10). In agreement, Hidalgo et al. (2004) reported no differences in carcass and breast weights with broilers fed 6 diets varying in energy density from 1 to 38 d of age. Similarly, Leeson et al. (1996) reported no differences in breast or carcass weights with broilers fed diets ranging from 2,700 to 3,100 kcal of ME/kg from 1 to 49 d of age. Conversely, carcass and breast weights were higher for broilers consuming diets formulated with weighted dietary energy concentrations of 3,054 kcal of ME/kg compared with 3,214 kcal of ME/kg from 1 to 63 d of age (Saleh et al., 2004) . These authors attributed this response to the ability of older broilers to increase feed intake to compensate for the low energy density of the diet. Increased feed intake resulted in an increased consumption of essential AA, translating to greater lean tissue deposition. In the present research, a lack of differences in carcass characteristics may be due to broilers not increasing feed intake to compensate for lower dietary AME n concentrations. This finding agrees with previous research, which reported broilers younger than 42 d of age may not have the ability to increase feed intake to compensate for lower dietary AME n concentrations (Hidalgo et al., 2004; Saleh et al., 2004; Dozier et al., 2008a) .
Diets formulated with LOSBM or ULSBM contained lower concentrations of poultry oil compared with diets formulated with CSBM. Less oil supplementation occurred as a result of the better nutrient profiles of LOSBM and ULSBM (Perryman and Dozier, 2012) . Reduced GAL concentrations may not be completely responsible for the improved feeding value of LOSBM and ULSBM, as LOSBM had improved feeding value compared with ULSBM. However, genetic selection created novel soybeans with less raffinose, stachyose, ADF and NDF, and increased CP and sucrose concentrations. These data indicate that the extra feeding value of LOSBM and ULSBM might be attributed to their altered nutrient profiles. Due to higher digestible AA content, less LOSBM and ULSBM were necessary to satisfy dietary AA specifications compared with diets formulated with CSBM. With lower inclusions of LOSBM and ULSBM, higher concentrations of corn entered into diet formulation, which resulted in lower supplementation of poultry oil. Additionally, LOSBM had a higher AME n compared with ULSBM. Therefore, diets formulated with LOSBM required the low- est inclusions of poultry oil to satisfy dietary energy specifications.
In conclusion, due to the better nutrient profiles of ULSBM and LOSBM, diets formulated with these SBM types had between 28 and 71% less supplemental oil compared with diets formulated with CSBM. Broilers consuming diets formulated with either LOSBM or ULSBM resulted in acceptable growth performance and meat yield responses compared with birds consuming diets formulated with CSBM. Feeding broilers diets formulated with LOSBM and ULSBM compared with CSBM also resulted in a 58% reduction in incidences of PD during a 6-wk production period. These data support that nutrient utilization of LOSBM and ULSBM is increased in broilers compared with CSBM. Due to better nutrient utilization, less supplemental fat is required in diets formulated with LOSBM or ULSBM, which can translate to a reduction in dietary costs.
